A number of clinical tools are available to predict the future clinical course of patients. Usually these are multivariate methods that predict clinical outcome based on the presence and/or magnitude of multiple risk factors. It is commonly assumed that these methods can correctly assess an individual's risk. However it is well-documented that valid predictive methods can produce very different risk assessments for the same individual. If individuals possess "true" or unique risks, then the lack of agreement between predictive methods might be dismissed as statistical variation. The alternative explanation, that individuals do not possess a "true" or unique risk that can be accurately assessed, has not been considered in the medical literature. We review the discordance of individual risk estimates, show that there is not a unique way to distribute risk among individuals in a population, and discuss prior work from the literature of probability and philosophy criticizing the concept of individual risk.
Discordance of Individual Risk Assessments
Lemeshow et al. applied two models for ICU mortality (Apache II and MPMII at 24 hours) with similar discrimination and calibration to 11,320 patients and the predictions for each individual were compared. 1 A scatterplot of the paired predictions ( Figure 1 ) showed remarkable discordance. The mean difference in mortality probabilities assigned by the two models was only 0.01, but the standard deviation was 0.17. For 19.1% of patients, the difference between the mortality probabilities assigned by the two models was between 10 and 20%. For 19.8% of patients, the difference between the mortality probabilities assigned by the two models was greater than 20%.
Similar results were obtained comparing another model, SAPS II, to Apache II and to MPMII at 24 hours. The authors concluded that the error rate does not support using models for deciding on the provision of care for individual patients, although they could be used for stratification for clinical trials, quality assessment of ICU performance, and hospital reimbursement, and discussions of prognosis. Pinna-Pintor et al. used 4 models for mortality after coronary artery bypass surgery in 418 patients. 3 The scores for the patients who died were on average higher than for those who survived, but were quite variable in some models. They concluded the models were "very inaccurate to predict mortality in individual patients."
Orr et al. used 4 models for mortality after coronary artery bypass surgery in 868 patients. 4 There was moderate correlation between scores for the same individual with the correlation coefficients ranging from 0.60 to 0.72. They concluded that "The use of these models for individual patient risk estimations is risky because of the marked discrepancies in individual predictions created by each model."
Reynolds et al. evaluated the agreement between three models for cardiovascular risk on a simulated population of 10,000 individuals. 5 They used Venn diagrams to assess concordance for patients assigned to different risk strata and found that the three methods identify risk populations that differed significantly. They concluded that there was a lack of concordance between the models for identification of high risk individuals.
Other publications describing limited agreement of individual predictions for surgical and ICU patients include Iezzoni et al., 6 Johnston 17 the models in figure 1 , only coma, creatinine, and P O2 were shared. Panels that include the most risk factors or that include the most parsimonious set of risk factors are no more accurate than other panels (although they may be more discriminating) and
should not be interpreted as providing "true" risks. In fact models of superior discrimination assign patients to a broader range of risks setting the stage for large absolute differences in individual risk estimates. In this setting the choice of panels can change a high risk patient to a low risk patient.
Individual risk estimates derived from models of association are conditional probabilities, dependent on the risk factors used. For this reason, it is more correct to refer to the probability of a myocardial infarction in 10 years given the Framingham risk factors than to the probability of a myocardial infarction in 10 years. It is true that a clinician's subjective judgment does not enter into the calculation of an individual risk assessment, but it does enter into the choice of the assessment method. Although risk factors may be inherent properties of an individual, risk is in the eye of the beholder.
Rather than considering predictive methods to be pinpointing the risk of an individual, it is useful to consider them to be risk stratifying a population.
Discordance of individual risk estimates does not weaken the economic rationale for their use in allocation of resources, but it does weaken the clinical rationale. The three subjects without events (1, 2, 3) are depicted by white circles and the three subjects with events (4, 5, 6) are depicted by black circles. Each row represents a different risk stratification method for identifying high and low risk subpopulations.
